MicroRNAs (miRNAs) regulate gene expression and have a critical role in many biologic and pathologic processes. We hypothesized that miRNA expression profiles in injured brain (hippocampus) would show common as well as unique profiles when compared with those of blood. Adult, untouched, control rats were compared with rats with sham surgeries, ischemic strokes, brain hemorrhage (lysed blood, fresh blood, or thrombin), and kainate-induced seizures. Brain and whole-blood miRNA expression profiles were assessed 24 h later using TaqMan rodent miRNA arrays. MicroRNA response profiles were different for each condition. Many miRNAs changed more than 1.5-fold in brain and blood after each experimental manipulation, and several miRNAs were upregulated or downregulated in both brain and blood after a given injury. A few miRNAs (e.g., miR-298, miR-155, and miR-362-3p) were upregulated or downregulated more than twofold in both brain and blood after several different injuries. The results show the possible use of blood miRNAs as biomarkers for brain injury; that selected blood miRNAs may correlate with miRNA changes in the brain; and that many of the mRNAs, previously shown to be regulated in brain and blood after brain injury, are likely accounted for by changes in miRNA expression.
Introduction
RNA expression studies offer unique opportunities for diagnosis and prognosis, as well as for understanding the pathogenesis of many medical and neurologic diseases (Sharp et al, , 2007 . Our previous studies of mRNA expression profiles have shown that a large number of genes are induced or suppressed in brain and blood after cerebral ischemia, intracerebral hemorrhage, and kainate-induced seizures (Lu et al, 2006; Tang et al, 2001 Tang et al, , 2002 . However, the specific factors that lead to the regulation of large numbers of genes (mRNAs) in each condition remain unclear.
The recent discovery of microRNAs (miRNAs) as key regulators of gene function has introduced a new level and mechanism of gene regulation (Bartel, 2004; Chen and Rajewsky, 2007; Filip, 2007) . Although there are only hundreds of miRNAs, each of them can potentially regulate hundreds of target genes (Guarnieri and DiLeone, 2008) , with the prediction that more than one-third of all human genes may be regulated by miRNAs (Esquela-Kerscher and Slack, 2006) . Functionally, miRNAs are implicated in fundamental cellular processes including cell-cycle regulation (Matsubara et al, 2007) , hematopoietic differentiation (Hatfield and Ruohola-Baker, 2008) , immune responses (Bi et al, 2009) , and cellular metabolism (Gauthier and Wollheim, 2006) .
MicroRNA expression has been examined in various tumors (Guarnieri and DiLeone, 2008; Lu et al, 2005; Nicoloso and Calin, 2008) , in Alzheimer's disease (Hebert et al, 2008) , Parkinson's disease (Kim et al, 2007) , Down's syndrome (Kuhn et al, 2008) , schizophrenia (Beveridge et al, 2008) , and stroke (Dharap et al, 2009; Jeyaseelan et al, 2008) . These miRNA expression profiles may be as diagnostically useful as mRNA expression profiles (Guarnieri and DiLeone, 2008; Lu et al, 2005) . Therefore, we postulated that miRNAs alone could be adequate biomarkers and that miRNA expression profiles could explain, at least in part, the mRNA regulation in brain and blood after different neurologic diseases. To begin to address this idea, adult untouched control rats were compared with rats with sham surgeries, ischemic strokes, intracerebral hemorrhage (lysed blood, fresh blood, thrombin), and kainateinduced seizures. Total RNA (plus miRNA) was isolated 24 h later from brain and blood, and miRNA expression profiles were assessed using TaqMan Rodent miRNA Arrays. The results show unique miRNA profiles for brain, blood, and for each experimental condition, with some miRNAs being regulated in both brain and blood for a given injury. Moreover, many of the mRNA targets of regulated miRNAs have previously been reported to be regulated in brain and blood after stroke, hemorrhage, and seizures.
Materials and methods
Experiments were carried out in accordance with National Institutes of Health guidelines and were approved by the Institutional Animal Care and Use Committee (University of California at Davis). Male Sprague-Dawley rats (n = 48 total), weighing 300 to 320 g, were used in this study. The animals were allowed free access to food and water and were maintained on a 12-h light/dark cycle. Rats were anesthetized with isoflurane (Minrad, New York, NY, USA) and their body temperature was maintained at 37.01C±0.21C. They were allowed to fully recover after a procedure in an incubator maintained at 371C, and were then returned to their home cages with free access to food and water.
Brain Ischemia
Rats (n = 6) were anesthetized with isoflurane, and the neck skin and muscle were incised to isolate the left common carotid artery. A 3-0 monofilament nylon suture was threaded through the external carotid artery stump into the internal carotid artery and up to the stem of the middle cerebral artery (MCA). The suture was anchored in place to produce a permanent MCA occlusion. This 'suture'-induced MCA occlusion produces reliable infarction in the MCA distribution (Liu et al, 2005) . Only animals with ipsilateral hemispheric infarction were selected for this study.
Brain Hemorrhage
Rats were anesthetized and placed in a stereotaxic frame (Kopf Instruments, Tujunga, CA, USA). They received intraventricular (À0.9 mm posterior, 1.4 lateral to bregma, and 4.6 mm deep) injections (intracerebroventricular) of 50 mL lysed blood (n = 6), 50 mL fresh autologous tail vein blood (n = 6), or thrombin (n = 6) (20 U per animal in 50 mL of saline) (Paxinos and Watson, 1998) . All three models have been used to study various aspects of the pathophysiology of intracerebral hemorrhage (Liu et al, 2008; Tang et al, 2001 Tang et al, , 2002 .
Kainate Seizures
Rats (n = 6) were injected subcutaneously with 10 mg/kg of kainic acid (Sigma, St Louis, MO, USA) dissolved in saline. This kainic acid model produces status epilepticus that injures neurons in the cortex and other brain regions (Zhang et al, 1996 (Zhang et al, , 1997 . Animals that had severe, prolonged generalized seizures were selected for this study.
Sham Surgeries
For sham ischemia, rats (n = 6) were anesthetized, the suture inserted into the internal carotid artery, and then removed without being advanced to the stem of the MCA. For sham brain hemorrhage, rats (n = 6) were anesthetized and 50 mL of saline was injected into the left cerebral ventricle.
Untouched Controls
Rats (n = 6) that had not been handled in any way were used as controls. All experimental and control animals were housed in the same room for 1 week before the study and then during the study.
Total RNA (Plus microRNA) Isolation from Rat Brain and Blood Samples
At 24 h (1 day) after each operation or assignment as an untouched control, all subjects were anesthetized with isoflurane. Blood (0.5 mL) was drawn from the tail vein into EDTA tubes (Becton Dickinson and Company, Franklin Lakes, NJ, USA), immediately mixed with 1.3 mL RNA (Ambion, Austin, TX, USA), and stored at À801C. Animals were then killed, brain was removed, and the hippocampus was dissected as rapidly as possible, frozen, and stored at À801C. For ischemia and hemorrhage rats, the hippocampus adjacent to the hemispheric infarction and the hippocampus ipsilateral to ventricular injections were dissected, respectively. Hippocampus was chosen because it should sustain some cell injury or cell death in most of the models without including any areas of infarction.
Total RNA (plus miRNA) was isolated from hippocampus using a miRNeasy Mini Kit (Qiagen, Valencia, CA, USA) and a Qiacube (Qiagen). Total RNA was isolated from blood using the Mouse RiboPure-Blood RNA Isolation Kit (Ambion). The concentration and integrity of total RNA was determined using a NanoDrop-1000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA) and Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). RNA samples were stored at À801C before TaqMan miRNA array studies.
TaqMan miRNA Arrays
TaqMan MicroRNA Arrays (384-Well Fluidic Cards) (Applied Biosystems, Foster City, CA) were used to profile 381 mature miRNAs. U6 was used as the endogenous control in quadruplicate and one assay not related to rat was included as a negative control. Total RNA (800 ng each MicroRNA expression after neurologic diseases D-Z Liu et al sample) was converted into cDNA using Megaplex RT Primers (Applied Biosystems) and TaqMan miRNA RT Kits (Applied Biosystems). cDNAs were mixed with TaqMan Universal PCR Master Mix (Applied Biosystems) and then loaded into TaqMan rodent miRNA fluidic cards (Applied Biosystems). The cards were run using an Applied Biosystems 7900HT real-time PCR instrument equipped with a heating block for the fluidic card (Applied Biosystems).
Statistical Analysis
As cycle threshold (C T ) scores > 35 are considered to be nonspecific (undetectable) (Schmittgen et al, 2008), miR-NAs in which 95% of individual observations had a raw C T score > 35 were excluded from the final data analysis. Using these filtering criteria, 97 miRNAs were removed from the brain analysis, and 153 miRNAs were removed from blood analyses. Partek Genomics Suite (Partek, St Louis, MI, USA) was used to carry out statistical analyses. Fold change filters were applied to select the miRNAs that were regulated more than 1.5-or 2-fold. A t-test with or without FDR (false discovery rate of 5% = no more than 5% false positives) correction for multiple comparisons was used to examine the significance of miRNAs regulated in each experimental condition compared with that of the untouched control group. MicroRNAs that changed Z1.5-fold and had a P < 0.05 were subjected to hierarchical clustering using Euclidean distance on the basis of their relative mean expression.
Biologic Functional Analyses of MicroRNAs Regulated in Both Brain and Blood
The miRNAs used for biologic functional analyses were significantly regulated (P < 0.05) more than twofold in both brain and blood, as compared with those in untouched controls, in at least one experimental condition (unless stated otherwise). Predicted target genes (mRNAs) of miRNAs regulated in brain and blood were determined using publicly available software suites MetA Mir:target Inference (MAMI) (http://mami.med.harvard.edu) (Gusev, 2008) . This makes composite predictions using several different algorithms, including TargetScanS, miRanda, microT, miRtarget, and PicTar. The miRNA and predicted mRNA target genes in both brain and blood were then subjected to biologic function analyses using Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Redwood City, CA USA) (Gusev, 2008) . The procedure for the prediction of biologic functions of regulated miRNAs in both brain and blood is shown in Figure 1A .
Brain and blood miRNA study (8 conditions) Up-or down-regulated miRNAs more than 2 fold in both brain and blood in a given experimental condition
Up-or down-regulated miRNAs more than 2 fold in both brain and blood in all experimental conditions Predicted biological functions, related to up-or down-regulated miRNAs in both brain and blood Figure 1 Flow diagrams showing how biologic functional analyses were carried out. (A) Prediction of target genes and biologic functions of miRNAs that changed more than twofold in both brain and blood in at least one experimental condition. (B) Comparison between miRNAs and mRNAs that were regulated 24 h after brain ischemia (I), brain hemorrhage (lysed blood, LB), and kainate seizures (K).
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Comparison of Biologic Functions of MicroRNAs and mRNAs Regulated in Brain and Blood
For miRNA-mRNA biologic function analyses, miRNAs regulated more than twofold in either brain or blood after brain ischemia, brain hemorrhage (lysed blood), and kainate-induced seizures were entered into MAMI to obtain the predicted target genes ( Figure 1B, left panel) . The exported target genes were then entered into IPA to obtain a set of biologic functions ( Figure 1B, left panel) . Similarly, regulated mRNAs, obtained from our previously published studies (Lu et al, 2006; Tang et al, 2001 Tang et al, , 2002 , were input into IPA to yield another set of biologic functions ( Figure 1B , right panel). We then compared the two sets of data to derive the functional pathways that were common to the miRNAs and mRNAs regulated for each of the injuries in both brain and blood ( Figure 1B ).
Results

Endogenous Control MicroRNAs in Brain and Blood
Five potential endogenous control miRNAs (U6, U87, Y1, snoRNA135, and snoRNA202) were used. In the brain, U6, U87, Y1, and snoRNA135 were stable (regulated < 1.5-fold) in each of the seven experimental conditions, whereas snoRNA202 decreased more than 1.5-fold in one or more experimental conditions ( Supplementary Table 1 ). In blood, U6, U87, snoRNA135, and snoRNA202 were stable (regulated < 1.5-fold) in each of the seven experimental conditions, whereas Y1 was upregulated more than 1.5-fold in one or more experimental conditions ( Supplementary Table 1 ). Thus, U6, U87, and snoRNA134 were the most stable in both brain and blood across experimental conditions. U6 was used as the endogenous control for all of the data reported in this study because it was the most stably expressed miRNA across all subjects in the control and experimental groups.
Brain and Blood MicroRNA Response
Many miRNAs changed more than 1.5-fold in brain and blood after each experimental condition as compared with those in untouched controls (Table 1 ; Supplementary Table 1 ). A number of miRNAs that changed 1.5-fold on an average were significantly changed (P < 0.05), but relatively few of these miRNAs passed the false discovery rate multiple comparison correction threshold (FDR < 5%) (Table 1; Supplementary Table 1 ). Several miRNAs were upregulated or downregulated in both brain and blood after a given injury (Table 1 ; Supplementary Table 1) . A few miRNAs, such as miR-298, miR-155, and miR-362-3p, were upregulated or downregulated in both brain and blood after several different injuries (Table 1 ; Supplementary Table 1) .
Unique MicroRNA Expression Profiles in Brain and Blood
As there may not be specifically regulated miRNAs for a given disease, we looked for unique patterns of miRNA expression for each of the experimental conditions using cluster analysis. This showed that each experimental condition had a unique miRNA expression pattern in both brain (Figure 2 , left panel) and blood (Figure 2, right panel) . For the eight expression profiles shown, no profile was identical. The different miRNA expression patterns, including sham controls versus untouched controls, emphasize the uniqueness of the different brain and blood miRNA responses for each condition.
Function Analysis of MicroRNAs Regulated in Both Brain and Blood
A biologic function analysis was carried out on the miRNAs regulated more than twofold in both brain and blood in at least one experimental condition. Five miRNAs (miR-298, miR-200b, miR-205, miR-107, and miR-423-5p) were upregulated in both brain and blood, and four miRNAs (miR-155, miR-362-3p, miR-10b, and miR-188-5p) were downregulated more than twofold in both brain and blood in at least one experimental condition (Table 1 , marked with # ). The top 10 ranked biologic functions associated with commonly upregulated miRNAs include cell cycle, cancer, gene expression, cellular growth and proliferation, cellular development, posttranslational modification, reproductive system disease, connective tissue development and function, cardiovascular system development and function, and cell death ( Figure 3A, Supplementary Figure 1A) . The top 10 ranked biologic functions associated with commonly downregulated miRNAs included gene expression, cell death, hematological development and function, organismal development, organ development, cardiovascular system development and function, cell cycle, cellular development, connective tissue development and function, and hematopoiesis ( Figure 3B , Supplementary Figure 1B) .
MicroRNAs Regulated by Multiple Conditions in either Brain or Blood
Many upregulated miRNAs were modulated in two or more of the groups in either brain or blood. In brain, 24 miRNAs were upregulated more than twofold by brain ischemia, 17 by brain hemorrhage (lysed blood), and 13 by kainate seizures (Figure 4A , left panel). In addition, 13 miRNAs were downregulated more than twofold by brain ischemia, 12 by brain hemorrhage (lysed blood), and 18 by kainate seizures (Figure 4A, right panel) . A Venn diagram of these results showed that one miRNA (miR-542-3p) was upregulated ( Figure 4A, left 
Figure 2
Hierarchical clustering of miRNAs that changed more than 1.5-fold shows the unique miRNA expression profiles in brain (left panel) and blood (right panel) 24 h after each experimental condition. Red, upregulation; yellow, little change; and blue, downregulation. This experiment was performed on eight groups of rats including untouched controls (C), sham brain ischemia (SI), brain ischemia (I), sham brain hemorrhage (SH), fresh blood-induced brain hemorrhage (B), lysed blood-induced brain hemorrhage (LB), thrombin injections (T), and kainate seizures (K).
Biological functions of up-regulated micorRNAs in both brain and blood
Biological functions of down-regulated micorRNAs in both brain and blood
Analysis: miRNAs up-regulated (Fold change>2) in both brain and blood in at least one experimental condition Analysis: miRNAs down-regulated (Fold change>2) in both brain and blood in at least one experimental condition MicroRNA expression after neurologic diseases D-Z Liu et al miR-450a-5p) were downregulated in all three conditions ( Figure 4A, right panel) . In blood, 10 miRNAs were upregulated more than twofold by brain ischemia, 21 by brain hemorrhage (lysed blood), and 21 by kainate seizures (Figure 4B, left panel) . In addition, 65 miRNAs were downregulated more than twofold by brain ischemia, 20 by brain hemorrhage (lysed blood), and 10 by kainate seizures (Figure 4B,  right panel) . The Venn diagram of these results showed that five miRNAs (miR-96, miR-152, miR-298, miR-333, and miR-505) were upregulated ( Figure 4B, left panel) and seven miRNAs (miR-125a-5p, miR-130b, miR-142-3p, miR-330, miR-342-5p, miR-685, and miR-347) were downregulated in all three conditions ( Figure 4B, right panel) .
Analyses of MicroRNA Target Genes (mRNAs) and Previously Reported Regulated mRNAs in Both Brain and Blood After Ischemia, Hemorrhage, and Seizures
We previously reported unique mRNA expression profiles in both brain and blood after brain ischemia, brain hemorrhage (lysed blood), and kainate-induced seizures (Tang et al, 2001 (Tang et al, , 2002 . To make the previously reported data comparable with the data in this study, it was re-normalized and re-analyzed using Partek software (included in Supplementary Tables 2A  and B ). Using the work flow in Figure 1B , the biologic functions of the mRNAs regulated in our previous studies were compared with the biologic functions of the miRNAs regulated in this study, for both brain and blood. Figures 5A and 5B show that almost all of the predicted biologic functions for regulated miRNAs and mRNAs overlapped considerably. The top 10 ranked functions in brain for regulated miRNAs and mRNA are cell death, organismal development, cancer, cell cycle, cell morphology, hematological disease, hematological system development function, hematopoiesis, immunologic disease, and gene expression ( Figure 5A, Supplementary Figure 2A ). The top 10 ranked functions in blood for regulated miRNAs and mRNA are cell cycle, cell death, cancer, cell morphology, organismal development, cellular movement, cellular growth and proliferation, cellular development, development disorder, and gene expression ( Figure 5B, Supplementary Figure 2B ). Furthermore, the top five ranked functions that overlapped for both brain and blood included cell cycle, cell death, cancer, cell morphology, and organismal development ( Figures 5A and 5B ).
Discussion
A major finding of this study is that different patterns of miRNA expression occur in brain and blood 24 h after brain ischemia, brain hemorrhage, kainate seizures, and even sham surgeries, compared with untouched control animals. A number of miRNAs were significantly regulated (P < 0.05) more than 1.5-fold in brain and blood after each brain injury. Several miRNAs were upregulated or downregulated in both brain and blood after a given injury; and a few miRNAs, including miR-298, mir-155, mir-362-3p, etc., were upregulated or downregulated in both brain and blood after several different injuries. These results show the possible use of blood miRNAs as biomarkers for selected brain miRNAs after one or more specific types of brain injuries. They also provide a partial mechanism for specific miRNAinduced mRNA expression profiles in brain and blood after different types of brain injury.
MicroRNA expression levels can be studied using several different methods: microarray analysis, realtime PCR (RT-PCR), northern blots, in situ hybridization, and solution hybridization. Of these techniques, TaqMan miRNA assays are specific for mature miRNAs and discriminate among related miRNAs that differ by as little as one nucleotide (Chen et al, 2005) . Furthermore, RT-PCR assays are not affected by genomic DNA contamination (Chen et al, 2005) . Therefore, TaqMan RT-PCR miRNA assays are a A remarkable finding in this study is that miR-298 was the only miRNA that was upregulated in both brain and blood after almost all experimental conditions. Thus, this is consistent with the finding that miR-298 was also upregulated in the brain after transient MCA occlusions in another recent study (Jeyaseelan et al, 2008) . Although miR-298 has many functions, it was recently shown to recognize specific binding sites in the 3 0 -UTR of b-amyloid precursor protein-converting enzyme-1 (BACE1) mRNA and to regulate BACE1 protein expression in cultured neuronal cells (Boissonneault et al, 2009 ). This particular miRNA also emphasizes the fact that miR-298 likely regulates hundreds of other mRNAs and that the dozens of miRNAs shown to be regulated in brain and blood in this study regulate hundreds of target mRNAs in brain and blood, many of which were shown by us to be regulated in our previous studies (Lu et al, 2006; Tang et al, 2001 Tang et al, , 2002 .
Recent studies indicate that some miRNAs that are selectively and/or highly expressed in immune cells-including the miR-17-92 cluster, miR-150, miR-155, miR-181, and miR-223-have a 'permissive' function in the maturation, proliferation, and differentiation of myeloid and lymphoid cells (Tsitsiou and Lindsay, 2009 ). In addition, miR-155 negatively regulates the immune response by repressing Src homology-2 domain-containing inositol 5-phosphatase 1 (SHIP1) through direct 3 0 -UTR interactions (O'Connell et al, 2009) . In this study, miR-155 was downregulated in both brain and blood after almost all experimental conditions. This is consistent with our previous genomic studies that the expression of Lyn, one of the Src family of kinases, was upregulated 21-fold after intracerebral hemorrhage (Lu et al, 2006; Tang et al, 2002) .
Many of the miRNAs upregulated or downregulated by each experimental condition were modulated in two or more of the groups. The miRNAs regulated in common by the various conditions might provide an index of common mechanisms of injury. Therefore, we used the commonly regulated miRNAs for predicting biologic functions. The results show that the five top-ranked functions predicted by the commonly regulated miRNAs and
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Predicted target genes of regulated miRNAs that are common for I, LB and K.
mRNAs that are regulated in common forI, LB, and K.
mRNAs that are regulated in common for I, LB, and K. Figure 5 Top 10 ranked biologic functions of miRNAs and the mRNAs that were regulated in brain and blood after all three main types of brain injury: brain ischemia (I), brain hemorrhage (LB, lysed blood), and kainate-induced seizures (K). The log of the P-value is shown for each biologic function for both regulated miRNAs (dark blue) and mRNAs (light blue). Regulated miRNAs were derived from this study, and regulated mRNAs were derived from our previous studies (Lu et al, 2006; Tang et al, 2001 Tang et al, , 2002 .
(A)
Comparison of the biologic functions of regulated miRNAs with those of regulated mRNAs in brain. (B) Comparison of the biologic functions of regulated miRNAs with those of regulated mRNAs in blood.
MicroRNA expression after neurologic diseases D-Z Liu et al mRNAs in both brain and blood included cell cycle, cell death, cancer, cell morphology, and organismal development. This suggests that there are some functional responses of miRNAs and mRNAs that are similar in brain and blood after many types of acute brain injury. Future studies are required to determine exactly which factors regulate a similar cross talk in both brain and blood between the miRNAs and mRNAs in each. Such factors could include similar brain and blood stress responses to injury, or similar brain and blood immune responses to injury. The 'cell cycle' was among the top-ranked functions for miRNA regulated in both brain and blood, and for mRNAs and miRNAs that changed in brain and blood 1 day after injury. This suggests that the 'cell-cycle' pathway might be relevant to such injuries. The miRNAs induced in blood related to the 'cell cycle' may relate to the proliferation of white blood cells and the blood inflammatory response to acute brain injury. The miRNAs activated in brain in 'cell-cycle' pathways could relate to glial proliferation, and could potentially relate to the possibility that cell cycle re-entry leads to postmitotic neuronal death. Cell cycle re-entry in neurons has been confirmed in many brain diseases, including stroke, brain hemorrhage, traumatic brain injury (TBI), and epilepsy (Di Giovanni et al, 2005; Imai et al, 2002; Nagy and Esiri, 1998; O'Hare et al, 2002) . Inhibition of cyclin-dependent kinases increases neuronal survival and improves behavioral outcomes in animal models of these diseases (Di Giovanni et al, 2005; Hilton et al, 2008; Park et al, 2000; Verdaguer et al, 2003; Verdaguer et al, 2004) . Thus, the miRNAs involved in the cell cycle in brain could relate to the birth of new cells including glia, and/or relate to neuronal re-entry into the cell cycle and death of these cells.
Although only a limited number of disease conditions were studied, data show that brain and blood miRNA responses were unique for each. One example of this difference was the unique brain and blood miRNA response of sham-operated control animals to that of untouched control animals. Although there are miRNAs specifically regulated by each of the conditions, we propose that it is the composite brain and blood miRNA response of all of the regulated miRNAs that may provide miRNA fingerprints that can be distinguished for many different disease-related states.
Finally, several experimental limitations need to be mentioned. Although the functions of regulated miRNAs described in this study significantly overlap the functions of mRNAs reported in our previous studies, actual mRNA levels were not measured in this study. This must be carried out in future studies. In addition, for those mRNAs that are presumed targets of specific miRNAs, these target mRNAs must also be measured in future studies to show their actual regulation. Second, animals were not perfused at the conclusion of an experiment because of concern that this would affect miRNA expression. Thus, the miRNAs that are reported as being regulated in both brain and blood would represent the maximum number that was regulated, as some could represent contamination of brain by blood. This is likely a minor problem because of the small volume of blood compared with brain, the few shared miRNAs in brain and blood, and the comparison of hemorrhage and control showed no shared miRNAs.
